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Abstract 
The paper presents results of non-ferrous metal crystallization research with use of ATND method. The research was carried out in the 
Faculty of Chipless Forming Technology, University of Bielsko-Biała. The new method of analysis of non-ferrous metals alloy 
crystallization assures complete picture of generated structural components of the alloy. Structural components defined in the tested alloy 
using ATND method have been verified by X-ray microanalysis, which unambiguously has confirmed their presence. Below are presented 
results of the crystallization analysis with ATND method in graphic form (crystallization diagrams). In crystallization diagrams of AG10 
alloy there were shown curves (thermal curve with its derivative, voltage curve and its derivative). Individual structural components 
crystallizing in the tested alloy are reflected on curves of the method in form of characteristic peaks. The research was carried out on AG10 
aluminum-magnesium cast alloy. Moreover, the paper shows the structures of the tested alloy together with marked structural components, 
identified with use of X-ray microanalysis. 
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1. Introduction 
 
AlMg10 cast alloy is rated among the group of cast 
aluminum alloys. Alloys with magnesium have begun to be more 
and more frequently used in foundry industry, because they 
characterize by smaller density comparing with typical silumins, 
and have greater corrosion resistance. Strength properties of 
aluminum-magnesium cast alloys are running similarly to 
properties of silumins. In the past these alloys were used in 
smaller extent due to two reasons. In case of these alloys, there 
exists a need of long-lasting and expensive thermal treatment in 
order to achieve satisfactory mechanical properties. Demanded 
very stringent technological regime, observed in melting process 
of the alloy is the second difficulty in usage of these alloys. The 
alloys should be melted under protective cover or in protective 
atmosphere because magnesium can be very easily oxidized. 
Melting temperature should be selected in such way to be the 
lowest, but still assuring demanded castability of the alloy.  
During crystallization of the alloy arise main phases and 
eutectic mixtures, as well as phases coming from impurities 
present in the alloy. Knowledge on run of the crystallization 
process of alloys is a source of much information for cognitive 
reasons, to develop a new technologies of preparation of liquid 
metal and to control of alloy melting process in the industry. The 
Thermal-Derivative Analysis is used to investigation of 
crystallization process for many years. In the Faculty of Chipless 
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61Forming Technology, University of Bielsko-Biała we carry out 
investigations of crystallization with use of ATND analysis 
(Thermal-Voltage-Derivative Analysis). The method has come 
into being as a combination of ATD method and the method of 
measurement of electric voltage, which is generated during 
solidification of alloys. Emerging phases and eutectic mixtures 
can be determined with use of ATND method; moreover one can 
try to estimate their quantities and character as well. 
 
 
2. Methodology of the research  
 
In this part of the paper there is a need to introduce detailed testing 
assumptions and accurate description of extent of the performed tests. 
The description should enable the reader to reconstruct the test in his 
own range in order to confirm or disprove our results.   
The paper presents results of AG10 alloy crystallization 
process investigations with use of ATND method. Synthetic 
AG10 alloy was implemented in the tests. The alloy was melted in 
electric resistance furnace in temperature of 760 °C. The tests 
were accomplished on the alloy in crude form. Chemical 
composition results of the tested alloy are shown in the Table 1. 
 
  Table 1. 
 Chemical composition of the AG10 alloy 
 
Al  – 
90,94% 
Mg  – 
7,505% 
Cr – 
0,005% 
Ni  – 
0,528% 
Zn – 
0,146% 
Mn – 
0,018% 
Ti    – 
0,007% 
Pb – 
0,014% 
Ga – 
0,011% 
Sb 
≥0,066% 
Sn   – 
0,053% 
Bi    – 
0,002% 
Li  – 
0,000% 
Na – 
0,0022% 
Ca – 
0,001% 
Be   – 
0,000% 
P     
≥0,0200% 
V   – 
0,010% 
Zr – 
0,005% 
 
Sr   –  
0,001% 
Si   – 
0,412% 
Fe – 
0,217% 
Cu – 
0,027% 
 
 
AG10 alloy has got microstructure consisting of α solid 
solution, α+Mg2Si eutectic mixture and Al3Mg2 phase. In the Fig. 
1 are shown crystallization curves of AG10 alloy recorded with 
use of ATND method. On thermal and voltage curves shown in 
the diagram one can observe individual peaks occurring in time of 
crystallization of individual structural components of the tested 
alloy [8, 9 and 10]. Height of the peaks can be transferred into 
quantity of formed component in solidifying alloy. In 
characteristic points of the crystallization process curves there are 
plotted read-out temperatures of solidifying test piece. The 
temperatures in further part of the paper shall serve identification 
of individual phases and eutectic mixture formed in the 
solidifying alloy [11]. 
In the point occurring at temperature of 638 °C is seen the 
first big voltage effect caused by crystallization of „high-melting” 
– ferrous (L+Al3Fe→Al+Fe2SiAl8) phase. In the point with 
temperature of 614 °C is seen maximal thermal effect, coming 
from crystallization of dendrites of α solid solution. The point 
with temperature of 614 °C denotes the end of α phase’s 
crystallization and beginning of formation, in result of 
l+Al12Fe3Si↔α+Al9Fe2Si peritectic reaction, of ferrous-silicon 
phase. The next visible point is the point occurring at temperature 
of 575 °C. 
 
 
Fig. 1. Crystallization curves of AG10 alloy from ATND method 
 
According to the references [2-4] it denotes temperature of 
crystallization of Al(FeMn)Si phase. And next, Al3Mg phase 
crystallizes in the interdendritic space - 512 °C. In temperature of 
440 °C there is marked a small voltage effect of crystallization of 
trace quantity of α+Al12Mg17 eutectic mixture. Temperature of 
that transformation published in the reference [3] amounts to 437 
°C. In such supersaturated liquid, concentration of individual 
elements has grown to a such extent, that formation of that phase 
was possible.  
In the Fig.2 are presented photos of AG10 alloy structure. The 
Fig. 2 shows also identified phase components. 
In the Fig.3 there is presented a set of crystallization curves of 
AG10 alloy. Visible, recurrent character of individual 
measurements proves lacking accidentality in the process of 
crystallization and its registration with use of ATND method. 
Repeatability of the measurements is the main feature of correct 
research method, investigating the crystallization process of 
alloys. In the work discussed here, repeatability of individual 
attempts of tested alloys is high. It is worth to be mentioned that 
process of production of machinery components, like foundry, is 
by its nature repeatable in very small extent. Probability of 
crystallization of identical phases with the same size and in the 
same locations in various castings is low. In spite of production of 
the same castings from the same alloy, each casting is different. 
Visible repeatability of ATND method is satisfactory in this case.
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Fig. 2. a) Structure of AG10 alloy, magnification. 100 x, b) 
Structure of AG10 alloy with marked structural components, 
magnification 400 x,1 – α phase,  2 – Al3Mg2 phase,  3 – Mg2Si 
phase (Al – metallic matrix). 
 
 
 
 
 
 
 
Fig. 3. Energetic spectra of identified structural components of 
AG10 alloy. 
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Fig. 3. Set of crystallization curves of AG10 obtained with use of 
ATND method. 
 
 
3. Conclusions 
 
1.  ATND method of simultaneous measurement of 
temperature of solidified alloy and generated difference of 
potential on measuring probes portrays crystallization 
temperatures of individual components of alloys. 
2.  In ATND method, thermal and voltage curves show 
physical-chemical phenomena occurring during 
crystallization of alloys. 
3.  Formation of phases and eutectic mixtures, peaks visible on 
curves of the method were confirmed by X-ray 
microanalysis of structural components present in the tested 
alloy. 
4.  ATND method can be useful in determination of melting 
temperatures of individual components, release of phases 
from supersaturated solutions in solid state and in 
determination of phase transformations in which thermal 
effect is not present 
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